In the Central and Eastern Himalayas, South-Western China and Japan, several wild Panax species which have a close taxonomical relationship with each other are found. In 1970, Hara designated these Asian wild plants as subspecies or varieties of P. pseudo-ginseng; Panax pseudo-ginseng WALL. subsp. pseudo-ginseng HARA (tentatively named Subsp-P), P. pseudo-ginseng WALL. subsp. himalaicus HARA (tentatively named Subsp-H), P. pseudo-ginseng WALL. var. bipinatifidus HARA, P. pseudo-ginseng WALL. var. angustifolius HARA and P. pseudo-ginseng WALL. subsp. japonicus HARA (ϭP. japonicus C. A. MEYER).
It has been revealed that the saponin content of a specimen of Subsp-P collected at Nielamu, Tibet was very low. 7) For further confirmation of the saponin composition of this subsp., the present authors have investigated the specimens of Subsp-P growing near Kathmandu, Central Nepal where Hara and coworkers collected the specimens for their taxonomical studies.
For Subsp-H, which abundantly grows in the Eastern and Central Himalayas, a close relationship between the saponincomposition and locality of plants has been observed. 1, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In order to obtain further evidence on this chemogeographical observation, the present authors have conducted isolation, identification and analysis of saponins of a specimen of Subsp-H collected near Kathmandu, Central Nepal.
Results and Discussion
Because only small amounts of materials were available, the identification was carried out only for the major saponins (content or yield: Ͼ0.01%), as in the case of previous studies on Himalayan Panax spp. 1, [7] [8] [9] [10] TLC and HPLC of extracts of Subsp-P roots with small rhizomes, collected at Chautara, near Kathmandu, Central Nepal (specimen-PNct, 34.3 g) suggested a much lower saponin content than other Panax spp. Repeated chromatography of this extract afforded an oleanolic acid saponin, b-Dglucopyranosyl-oleanolate (2, yield: 0.052%, Fig. 1 ) which was previously isolated from Chinese P. japonicus C. A. MEYER var. angustifolius (Burk.) CHENG et CHU 19) etc., while no ginseng major dammarane saponins, ginsenosides-Rb 1 , -Rb 2 , -Rc, -Rd (and their malonylated saponins), -Re and -Rg 1 were detected (Fig. 2) . Together with 2, a polyacetylene-alcohol, panaxynol 20, 21) (3, Fig. 1 ) already obtained from ginseng and several other Panax spp., was isolated and identified in a yield of 0.028%.
For saponins from the roots and small rhizomes of Subsp-P collected at Mt. Shioupuri near Kathmandu, Central Nepal (specimen-PNs), identification was conducted only by comparison of TLC and HPLC due to shortage of material (roots: about 12 g, rhizomes: about 0.2 g). Two oleanolic acid saponins, stipleanoside R2 (4) and chikusetsusaponin IV (5) (Fig. 1) were detected together with a trace amount of unidentified saponins. Saponin (4) has been isolated from the rhizomes of P. stipleanatus growing in South China, 22) and compound (5) has been isolated from the rhizomes of Japanese P. japonicus 23) and several Himalayan and Chinese Panax spp. The amounts of these saponins in specimen-PNs were determined by HPLC 24) ; 4: 0.10% in roots and 0.13% in rhizomes and 5: 0.16% in both roots and rhizomes. Ginseng major dammarane saponins were not detected in roots or rhizomes.
Saponins of Plants of Panax Species Collected in Central Nepal
As mentioned, Subsp-P has a carrot-like root, similar to the well-known traditional medicine, ginseng. For example, American ginseng (P. quinquefolius L.) and notoginseng (P. notoginseng (Burk.) CHEN cultivated in Yunnan, China). Previously, Subsp-P was erroneously concluded to be a wild type of notoginseng, however, the present study coupled with previous studies 7, 25) confirmed that the saponin content and composition of Subsp-P are very low and poor, being clearly different from ginseng and most other Panax spp. This evidence suggests that this subsp. may have no ginseng-like medicinal value. Recently, DNA analysis of Himalayan and Japanese Panax spp. indicated that on the phylogenic tree, Subsp-P forms a separate group with a large distance from other Himalayan types, as well as Japanese types. 25) Hara's proposal (vide supra)
2) that all Himalayan and Japanese races must be designated as subspecies or varieties of P. pseudoginseng, should be reinvestigated.
Regarding Subsp-H, from rhizomes with small roots (total 25.3 g) collected at Chautara, Sindhu Chouk District near Kathmandu, Central Nepal (specimen-HNct), the following dammarane-saponins were isolated and identified ( (13, yield 0.036%). Saponins 6, 7, 9 and 10 are known as the major ginseng biologically active principles, and 11 has been isolated from notoginseng and several Panax spp. Furthermore, the content of these saponins in specimen-HNct were quantitatively determined by HPLC analysis 33) : 6: 0.85%, 9: 0.25%, and 10: 0.77% (Fig. 2) . Saponin 8 has been isolated from Gynostemma pentaphyllum and also from several Panax spp. Ocotillol-type saponins, 12 and 13 have been isolated from Panax spp. growing wild in South-Western China and the Himalayas. It was reported that 12 was also isolated from Vietnamese ginseng (P. vietnamensis HA et GRUSHV.) in a yield of more than 5%, 34) and the biological activities of this saponin have been extensively investigated.
35) Oleanolic acid saponin was not isolated from this specimen.
As in the case of wild Panax spp. in South-Western China and Japan, [3] [4] [5] [6] it has been disclosed that the content and composition of saponins in Subsp-H in the Himalayas are highly diverse, depending upon the locality (Table 1) . It has been reported that specimens-HNg and -HNcm, collected around Mt. Annapurna, Nepal near the western limit of distribution of Panax spp., contain a significant amount of ginseng dammarane saponins without oleanolic acid saponin (oleanane saponin).
11) It appears that on going from the west to the east, the contents of dammarane saponins decrease, while those of oleanolic acid saponins increase. With regards a specimen collected between Dunche and Singkuba near 890 Vol. 48, No. 6 : collected at Chame, the eastern foot of Mt. Annapurna, Central Nepal, altitude 2700 m. * The quantitative HPLC analysis 24) indicated that 29% of 6 occurred as the malonyl ester, malonyl-ginsenoside-Rb 1 , which was also isolated from HNg. : collected between Dhunche and Singkunba near Kathmandu, Central Nepal, altitude 2500 m. Specimen-HBt 10) : collected at Tzatogang, Western Bhutan, altitude 3100 m. Specimen-HBp 10) collected between Pari-la and Gasa, Western Bhutan, altitude 3550-2600 m. Specimen-HBk 8, 9) : collected at Khosa, Western Bhutan, altitude 1800 m.
Kathmandu (specimen-HNd in the previous study), 1) several oleanolic acid saponins such as chikusetsusaponins were isolated in a total yield of 0.94% together with a significant amount of dammarane saponins. In the present study, from specimen-HNct collected at another area near Kathmandu, dammarane saponins were identified without oleanolic acid saponin, as in the case of specimens-HNg and -Hncm. It is suggested that the areas near Kathmandu may be a chemogeographical borderline of distribution of Subsp-H with and without oleanolic acid saponins. Comparison of the pharmacological activities of specimens-HNg and -Hncm, as well as specimens-HNct and Hnd, with those of ginseng, American ginseng, notoginseng and Vietnamese ginseng would be an attractive research subject. It should be emphasized that for utilization of these wild plants as a medicine, cultivation of the selected specimen must preserve natural resources, as well as supply sufficient amounts of medicinal materials with constant quality.
It has been demonstrated that rhizomes of Subsp-H collected in the Eastern Himalayas, the Singalila Range of Darjeeling, India [12] [13] [14] [15] [16] [17] [18] and Bhutan (specimens-HBt, -HBp and -HBk, Table 1) 8-10) contain large amounts of oleanolic acid saponins (yields: 2-8%) together with relatively small amounts of dammarane saponins, being similar to most Panax spp. growing wild in South-Western China and Japan. [3] [4] [5] [6] The pharmacological activities of these Subsp-H from the Eastern Himalayas may be similar to those of Chinese and Japanese "Chikusetsu-ninjin" (P. japonicusϭP. pseudo-ginseng subsp. himalaicus), being different from those of ginseng. It is also suggested that Panax spp., specimens-HBt, -HBp and -HBk from the Eastern Himalayas may be taxonomically distinct from specimens-HNg, -HNcm and -HNct from the Central Himalayas. samples.
Analysis of Neutral and Acidic Saponins of Rhizomes and Roots of Specimen-PNs
The roots (11.906 g) was extracted 5 times with 60 ml of 70% MeOH at room temperature for 20 min and the combined extracts were concentrated to dryness below 40°C. An aqueous suspension of the residue was chromatographed on a small column of highly porous polymer (MCIgel CHP20P, 75-150 mm, 1ϫ10 cm, Mitsubishi Chemical Industry) by eluting with H 2 O, 40% MeOH and then MeOH (200 ml each). The MeOH eluate was concentrated to dryness and the residue (saponin fraction) was dissolved in 70% MeOH and subjected to quantitative analysis by HPLC according to the reported procedures 24) ; on a ODS column, Ultron N-C18 (Chromato Packing Center, Kyoto, Japan) and on a column of Ultron NH 2 (Chromato Packing Center, Kyoto, Japan).
Qualitative analysis of saponins was carried out by TLC on Kiesel gel 60F 254 Quantitative Analysis of Specimens-PNct and -HNct The method of HPLC quantitative analysis was basically the same as described in our previous paper. 33) Thus, powdered ginseng (Ͻ100 mesh, PNct 0.7897 g, HNct 0.5396 g) was extracted with 60% aqueous MeOH (20 ml) three times for 30 min. After removal of the solvent from the aqueous MeOH extracts under reduced pressure, the residue was dissolved in H 2 O (10 ml) and then the water solution was subjected to Sep-Pak C18 column, which was eluted with H 2 O (20 ml), 40% aqueous MeOH (20 ml), and MeOH (20 ml). The MeOHeluted fraction was concentrated under reduced pressure and the residue was dissolved in 0.05 M phosphate buffer (pH 2.6)-CH 3 CN (18 : 32, 1 ml), which was subjected to HPLC analysis. HPLC conditions : chromatograph : Shimadzu LC-10A; column: YMC-Pack A-612 (NH 2 ) (150ϫ6 mm i.d.); mobile phase: 0.05 M phosphate buffer (pH 2.6)-CH 3 CN (18 : 32); flow rate: 1.3 ml/min; detection: UV 202 nm, 0.08 AUFS.
